I. INTRODUCTION
Evidence which has been presented earlier (Jefferies & Willis 1964) indicates that the calcifuge species Juncus squarrosus L. and Nardus stricta L. are plants possessing an extremely narrow distribution range in respect of levels of exchangeable soil nutrients, especially regarding calcium. Sieglingia decumbens (L.) Bernh. is tolerant of a much wider range, whereas Origanum vulgare L. is-restricted to soils rich in exchangeable calcium. An attempt has been made, using culture techniques, to assess to what extent the distribution patterns of these plants are determined by the availability of nutrients in the soil.
Plants of the four species have been grown in different types of soil in order to study their ability to become established in soils from which they are absent under natural conditions. The plants also have been grown in sand cultures to which mineral solutions have been added such that the nutritional status of the cultures probably approximated to conditions found in natural habitats. As the availability of calcium differed considerably in the soils which have been analysed, particular attention has been given to the effect of calcium concentration in relation to the concentration of the other nutrients on the establishment and growth of these species.
II. CULTURE TECHNIQUE
Plants were grown under glasshouse conditions in polythene pots, 8 in. (20 cm) deep and 6 in. (15 cm) in diameter, or else in earthenware pots of similar dimensions. In order to exclude any possibility of nutrients being derived from sources other than the culture solutions, the precautions taken were as recommended by Hewitt (1952) . The quartz sand which was required for many of the experiments was purified in a Kestner sand digester (Hewitt 1952) . At all times de-ionized water of specific resistance greater than four megohms (Willis & Yemm 1961) was used in these studies. When the seeds were sown in sand, 1 1. of the appropriate nutrient solution was allowed to percolate through the culture in order that residual acidity in-the sand should be diminished and that the seeds would germinate under the same conditions as the plants would later experience. In some cultures these conditions paralleled those of natural habitats. In nearly all of the experiments, plants were grown from seed, so that any effects of nutrient conditions on plant establishment could be elucidated; if only transplants had been used in these studies information of this kind would not have been obtained. Germination of the seeds of all four species was found to be satisfactory in the glasshouse; here the temperature did not fall below 13? C and there was no artificial lighting.
Seeds were collected from plants from the same sites each autumn. The seeds of Juncus squarrosus and of Nardus stricta were obtained from plants growing on the acidic peaty soil of Blackdown, Mendip (National Grid reference ST474572), of Sieglingia decumbens from a population on the fen peat of the Gordano valley, north Somerset (ST437730) and of Origanum vulgare from plants on the Carboniferous limestone soil of Cadbury Camp, north Somerset (ST455722).
The pots were distributed at random in the glasshouse and periodically moved to different places. At the end of an experiment the plants were harvested and washed in deionized water for a short time; appropriate growth measurements were made before the leaf material was bulked and then analysed for some of the major nutrients by means of methods previously described (Jefferies & Willis 1964) .
III. GROWTH AND ESTABLISHMENT OF THE PLANTS IN A RANGE OF SOIL TYPES
To gain some indication of the tolerance of the plants to soil type and its nutritional status they were grown from seed in a number of contrasted soils which do not support these species under natural conditions. Top soil was collected at several localities, sieved and mixed before it was used (Table 1) . De-ionized water was added, as required, to duplicate The results of this pilot experiment indicated that the plants either died shortly after germination or else showed poor growth in most of the soils (Table 2 ). The data were not treated statistically as only few plants survived in each culture. Although the number of soils chosen was restricted, the results suggested that edaphic features were likely to be of considerable significance in limiting these species to certain soils. The poor development of all of the plants, including Origanum vulgare, in the sandy soil of Braunton Burrows is probably a reflection of the low levels of available nitrogen and phosphorus in this calcareous sand (Willis & Yemm 1961) . The ability of 0. vulgare to flourish in a soil of pH 3-6 but rich in exchangeable calcium (fen peat, I) has some bearing on the significance of hydrogen ion concentration, and other soil features which vary with pH, in influencing plant distribution. In the locality where this soil was collected the water table is near to the surface of the ground (Willis & Jefferies 1959) ; it is possible that this feature may exclude 0. vulgare from such soils. The growth of individual plants of Nardus stricta in the Carboniferous limestone soil was extremely variable. One of the only two plants which survived remained at the seedling stage throughout the course of the experiment, whereas the other stayed at this stage for months but subsequently began to thrive. Under natural conditions the majority of these plants undoubtedly would die within a short time in such surroundings, and even if a few managed to survive for a longer period probably competition from other species would ultimately lead to their death.
IV. EFFECT OF CALCIUM LEVEL ON THE GROWTH AND ESTABLISH-MENT OF THE FOUR SPECIES IN SAND CULTURE
(1) Experiment 1 The aim of this experiment, and of subsequent ones described in this section, was to elucidate the effects of different calcium concentrations on the germination and growth of the plants. It seemed desirable in a first experiment to provide similar concentrations of nutrients in the culture solutions to those found in natural habitats. Accordingly, the final concentrations were adopted by reference to analytical data of the levels of exchangeable nutrients in soils supporting these plants (Jefferies & Willis 1964) and were also similar to the values given by Gorham & Pearsall (1956) for the mineral composition of bog and fen waters.
Although the amounts of calcium (as CaCl2) which were added to the different solutions were varied, the quantities of the other nutrients remained unaltered (Table 3 ).
The pH of the seven culture solutions was adjusted to 5 0 (by NaOH); the drift encountered in the hydrogen ion concentration of the effluent from the sand cultures was found on all occasions to be between pH 4-5 and 5-5. Additions of 100 ml of nutrient solutions were made weekly to the duplicate cultures and the sand was moistened as required. Numerous seeds of Juncus squarrosus and of Origanum vulgare were sown but the number of seeds of Nardus stricta and of Sieglingia decumbens was limited to sixteen and eight respectively. The experiment was begun in May 1960 and the plants were harvested after a period of 28 weeks.
The results of the growth of these four species expressed in terms of dry weight are shown in Fig. 1 , and also in Tables 4-7. The differences in survival and in growth made by the plants in the cultures having various levels of calcium are evident from Fig. 1 . Although the results suggest that the different culture treatments affect the growth of the plants to a considerable extent, statistical tests made by means of the variance-ratio (Ftest) and multiple range test (Duncan 1955) showed that, in respect of mean dry weights of shoots and roots of Sieglingia decumbens and Nardus stricta, differences resulting from the various culture treatments, in the plants which survived, did not quite reach significance at the 5% level of probability. However, in this experiment only a relatively small (Duncan 1955) for experiments on N. stricta and Sieglingia decumbens in which differences were significant at least at the 5% level. No statistical analyses were possible of the results on Juncus squarrosus and Origanum vulgare, partly because of the difficulties in separating completely the roots of the plants from those of others in the same cultures. In Experiment 1 in cultures possessing high calcium concentrations germination was delayed or else did not occur. Seeds of Juncus squarrosus failed to germinate in such cultures while the germination of seeds of Origanum vulgare was retarded. These observations are in general agreement with the findings of Webb & Hart (1945) . Whereas 0. vulgare and, to a lesser extent, Sieglingia decumbens were capable of surviving at these high calcium concentrations and becoming established, Juncus squarrosus and Nardus stricta quickly succumbed; consequently the course of the experiment was fixed about 4 weeks after germination. This was evident in all of the experiments conducted which involved the growth of plants from seeds.
Juncus squarrosus and, to a lesser extent, Nardus stricta were limited to the cultures which contained low calcium levels; it would appear from the experimental results that Juncus squarrosus is a stricter calcifuge than Nardus stricta. This is consistent with observations made in natural habitats, for although Nardus is capable of growing at very low calcium levels it was found more often in soils which have substantially higher calcium levels than those soils in which Juncus squarrosus is established (Jefferies & Willis 1964) . Origanum vulgare cannot survive in the cultures possessing low calcium concentrations. In such cultures the seedlings were small and stunted and showed calcium deficiency symptoms in their leaves and at the growing points. Sieglingia decumbens survived at higher calcium levels than Nardus stricta, which is in keeping with its distribution in natural habitats.
A notable feature of this experiment is that with increasing calcium concentration there was usually poorer root development. This observation of deleterious effects of high calcium levels on growth is in general agreement with the findings of Olsen (1942) , Webb & Hart (1945) and Rorison (1960) . N. stricta at the higher calcium levels formed short stunted roots with poor development of laterals whereas at the lower calcium levels there was a profuse development of root laterals forming a matted growth.
The differences in growth and establishment of these species in the various cultures are consistent with the response of the plants to the wide variety of soil conditions in natural habitats. Furthermore, the quantity of nutrients in the shoot tissues of each of these species showed some parallelism to that in the plant material collected from the field (Tables 4-7 ). In the case of Juncus squarrosus and Nardus stricta the similarity is clear. However, in cultures where the level of calcium is high and the growth of the plants is poor, there is a considerable difference from plants of natural habitats in respect of amounts of nutrient in the tissues, especially of calcium. The same observation is applicable to Sieglingia decumbens. At low calcium levels an accumulation of monovalent cations in the tissues of all four species, but especially of Juncus squarrosus, takes place. Magnesium content is also high in the shoot material of all of the species but it decreases in Sieglingia decumbens with increased calcium in the culture solutions. These observations are in agreement with earlier findings of Jacobson, Overstreet, King & Handley (1950) , Epstein (1961) , Snaydon & Bradshaw (1961) and others. There is no positive indication from the analytical data of this experiment that increasing the calcium content of the culture solution results in a decrease in the uptake of potassium, except possibly in the case of Origanum vulgare (Fig. 7) . However, because of poor growth of plants in cultures where one might expect severe competition between ions during salt uptake, considerable analytical problems arise as well as difficulties of interpretation.
(2) Experiment 2 This experiment was similar to Experiment 1, except that calcium nitrate was the sole source of calcium, calcium chloride being replaced by the nitrate. By changing the anion it was possible to explore to what extent the chloride ion accounted for the results obtained in the preceding experiment. The procedure adopted was as previously described except that the range of the cultures was increased to include two additional higher concentrations of calcium. Cultures 1 to 7 were of the same calcium levels as in Experiment 1, but cultures 8 and 9 contained, respectively, 896 and 1312 mg Ca/l. The amounts of other nutrients in the culture solutions were as shown in Table 3 . The seeds were sown in March 1960 and the plants harvested in August 1960.
The results, included in Tables 4-7 , are essentially similar to those given earlier in indicating the inability of the plants to grow in particular cultures (Fig. 2) . Juncus squarrosus and Nardus stricta failed to become established in sand containing high calcium levels, as did Sieglingia decumbens. In cultures which contained small amounts of calcium, Origanum vulgare was unable to survive and the leaves showed severe calcium deficiency as well as nitrogen deficiency.
The growth of Nardus stricta and Sieglingia decumbens at the low calcium concentrations was found to be significantly low (Tables 5 and 6 ). This poor growth was also probably a reflection of the low level of available nitrogen, for in the previous experiment where the nitrogen levels were constant the growth made by these two species was similar and substantial in cultures containing low calcium concentrations. The analyses of plant tissue (Tables 4-7 ) also yielded somewhat similar results to those of the previous experiment but again indirect evidence of ion antagonism during salt uptake is lacking. In all four species, a high concentration of calcium in the cultures resulted in large amounts of calcium in the leaf tissue. Although S. decumbens and Origanum vulgare have been found in natural habitats where, in the soil, the ratio of exchangeable calcium to the other exchangeable nutrients such as potassium and sodium is high, at similar ratios in the cultures the plants died or else showed poor growth. It is probable that the concentration of calcium was different from that experienced under field conditions, as discussed later, and this feature may account for the results obtained. However, the possibility exists that such a species as Sieglingia decumbens may be composed of a number of distinct populations, some of which are capable of becoming successfully established on chalk and limestone soils. When seed of Sieglingia was used which had been collected from Braunton Burrows, a highly calcareous habitat, the growth of these plants in sand cultures gave similar results to those already presented. Some explanation other than the existence of distinct populations was therefore sought to account for the inability of this grass to grow in cultures containing high levels of calcium. The data presented do not necessarily indicate that edaphic ecotypes of S. decumbens do not occur and clearly more experimental work is required involving seeds collected from a large number of habitats in order to solve this problem.
(3) Experiments 3, 4 and 5 The results given above are based on experiments in which the culture solution applied to the sand contained the same concentration of nutrients except for the level of the particular calcium salt. Although the ratio of calcium to the other cations in these solutions was similar to the ratios found in soils which were investigated (based on To investigate this problem, experiments were set up where additions of nutrients were made based on the same ratios of calcium to other ions as previously employed but the concentration of all of the nutrients was changed from that of the earlier experiments by the same factor. Three concentrations were chosen which were, in respect of all of the nutrients, six times (Experiment 3), three times (Experiment 4), and one-tenth (Experiment 5), of the concentrations used in the experiment involving calcium nitrate (Experiment 2). However, as in Experiment 1, calcium chloride was the main calcium source and not calcium nitrate. In each of the Experiments 3-5, nine culture solutions were employed; the total calcium content therefore ranged from 7872 mg/I. in culture 9 of Experiment 3 to 0 4 mg/l. in culture I of Experiment 5. The experimental procedure was as previously described but because of the large number of pots required for replication it was not possible to start all three experiments at the same time; consequently the results are not directly comparable and can be expressed on a relative basis only. Tables 4-7 . The results indicate that the pattern of behaviour of all four species in these cultures is essentially similar, although the response to different conditions is more pronounced in some of the species. An increase in the concentration of all of the nutrients leads to the restriction of the plants to cultures where the ratio of calcium to the other cations is low, as found in a non-calcareous soil. J. squarrosus, although just surviving in such cultures having three times the original concentration of nutrients, dies in all cultures which have six times the concentration of nutrients of Experiment 1. The establishment of Nardus stricta and Sieglingia decumbens in cultures is likewise progressively restricted the higher the concentrations of nutrients. Origanum vulgare behaves in a similar manner, surviving only in cultures of high concentrations where the ratio of calcium compared to other nutrients is low. Inability to survive in such cultures does not appear to be an osmotic effect as the osmotic pressure in the most concentrated culture solution is only about five atmospheres. The seeds germinate successfully but further development is protracted. Poor growth of plants in these cultures is associated with widely differing amounts of nutrients in the leaves as compared with those of plants in natural habitats. An increase in calcium in the mineral solutions not only leads to a greater accumulation of calcium in the plant tissue but it is also often associated with a lower level of magnesium and potassium (Tables 4-7) . This is especially evident in Sieglingial decumbens and in Origalnum vulgare (Fig. 7) . Whether these results represent active accumulation or just Donnan exchange reactions is not known.
In cultures having one-tenth of the concentrations of Experiment 2 there is a relatively wide range of tolerance by all four plants; here some plants become established not only in cultures where the ratio of calcium to the other nutrients is low but also in cultures where it is similar to that found in a calcareous soil. Nardus stricta and Sieglingia decumbens grow most successfully where the ratio of calcium to the other nutrients is high. The results indicate that it is possible to grow S. decumbens under experimental conditions where the ratio of calcium to the other nutrients is similar to that in a calcareous soil. Nardus stricta behaved in a similar fashion, yet with the exception of a few continental localities (Klika 1936) there are no records of this plant growing on limestone soil. It is probable, however, that the concentration of nutrients in these particular sand cultures is low compared with that of calcareous soils. Although the experiment involving Juncus squarrosus was discontinued it was clear that, even in cultures of one-tenth the concentrations of Experiment 2, the plant grows only at the low calcium levels, dying in the rest of the cultures. The results therefore indicate that, depending upon the concentration of nutrients, it is possible to grow at least three of these species in a range of cultures where the ratio of calcium to the other nutrients differs considerably.
V. THE EFFECT OF CALCIUM LEVEL ON TRANSPLANTS
Experiment 6 All of the results described previously refer to plants grown from seed rather than to studies of transplants. A pilot experiment was undertaken to discover how far similar results to those given above could be obtained when vigorous young plants were transferred to different culture solutions. Plants of Nardus stricta and Sieglingia decumbens were grown from seed in cultures where the ratio of calcium to the other nutrients was low (the solution was that used for culture 3, Experiment 1) and then some of them were transferred in October 1960, after a growing period of 4 months, to cultures where the ratio of calcium to the other nutrients was high. In all, the effect of three culture regimes was investigated: culture a was the culture in which the plants were raised, b was the same as culture 6 of Experiment 1, and c was similar to culture 9 of Experiment 2 except that calcium was present chiefly as the chloride. The levels of calcium are given in Table 8 . From October 1960 the plants were treated with the appropriate culture solutions at the rate of 100 ml per week until August 1961 when the experiment was terminated.
It is evident from the results ( Table 8 ) that transplants of both species survived in the cultures which contained high calcium levels although earlier experiments showed that the seedlings died in such cultures. This indicates that the adult plants were not nearly so sensitive as the seedlings to the levels of mineral nutrients in the cultures. Moreover the results show the danger of using transplants only in studies of the kind reported here and basing ecological interpretations solely on the data obtained. This point has been stressed by Rorison (1960) .
VI. DISCUSSION
The experiments indicate that it is possible to grow the four species studied under nutritional conditions which approximately parallel those found in their natural habitats, and the evidence suggests that the concentration of calcium relative to the concentration of other nutrients in the soil may be an important factor affecting plant distribution.
Analyses of the soil supporting Juncus squarrosus showed that the exchangeable calcium level is similar to the levels of the other nutrients measured (Jefferies & Willis 1964) . Except in Experiment 5, where the concentration of nutrients was probably far below that found in natural habitats, J. squarrosus failed to become established in cultures which possessed a fairly high ratio of calcium to the other nutrients. Under natural conditions high ratios of calcium to the other nutrients are normally found in mineral soils; here the concentration of nutrients in the soil solution is probably much higher than that in most organic soils and the plant does not survive at these ratios.
Nardus stricta does not appear to be such a strict calcifuge as Juncus squarrosus. It grows successfully in natural conditions not only where the ratio of calcium to the other major nutrients is 1: 1 but also where it is as much as 7: 1. Under experimental conditions this plant was capable of growing at such ratios provided the concentration of all nutrients was not too high.
Sieglingia decumbens, although more prevalent in non-calcareous soils, is found growing on chalk and limestone soils where the ratio of calcium to each of the other major nutrients measured, except magnesium, is extremely high. Again, by choosing appropriate concentrations of nutrients, it was possible to grow this grass in cultures having ratios of calcium to the other nutrients similar to those experienced in natural habitats where it flourishes. The results obtained are probably important in an understanding of the distribution of this plant. S. decumbens shows markedly high abundance on chalk soils in the wettest regions of the western chalk in Britain (J. F. Hope-Simpson, personal communication). Where it grows on the chalk in East Anglia and south-east England the sites are generally either chalk heaths (Tansley 1949) or else the localities have a high humidity (Perring 1960) . The high rainfall experienced in the western half of this country possibly leads to a leaching of the surface layers of Carboniferous limestone and chalk soils and thus a lowering of the concentration of nutrients in these layers, while the development of chalk heath in the eastern counties produces a similar result. Under these conditions the concentration of nutrients is possibly lowered sufficiently to allow S. decumbens to colonize such sites and become established. However it would appear that the concentration is not low enough for Nardus stricta to establish itself in these habitats.
Similar considerations may be advanced to explain, in part, the distribution of Sieglingia decumbens on Carboniferous limestone and sand-dune soils. Preliminary results of a survey of calcareous soils in which this grass grows indicate that sites bearing the plant have soils in which the humus and water content are high relative to those of soils of comparable sites from which it is absent. There are also indications that in localities where the plant grows at fairly high calcium concentrations the concentrations of the other nutrients are also high. Seeds of S. decumbens appear to germinate in the winter months. During this period there is heavy rainfall and poor evaporation, and probably considerable leaching of the surface layers takes place, leading to a relatively low calcium concentration.
The discussion above refers to the establishment of the seedling. Experimental evidence suggests that when the plant has reached the adult stage it is able to tolerate more extreme conditions. There is some evidence that the roots of mature plants of S. decumbens are capable of penetrating calcareous rock material. Whether such roots are actively involved in the transport of ions into the plant is unknown. However in the observations made in the present study, the root system of this species was found to be confined to the surface layers in calcareous habitats.
Origanum vulgare is a calcicole plant; the results from Experiments 1 and 2 indicate that it is unable to grow at low calcium levels and shows symptoms of calcium deficiency. However at the very high calcium concentration of culture 9 in Experiment 2 the plant was found to show relatively poor growth. This may have been because the concentration of calcium in these cultures was higher than that which the roots experience under natural conditions. However 0. vulgare has been regarded as a 'marginal calcicole' (Praeger 1950; Clymo 1962 ) and the present results may be a reflection in part of its poor response to very high calcium concentrations.
Although similar responses of each of the four plants are shown at different calcium levels, the results suggest the same pattern of behaviour of the four plants to alterations in the calcium levels in the nutrient solutions. This poses the question as to the nature of the mechanisms governing these responses. It is postulated that calcicole plants are considerably more selective than calcifuge plants regarding the different ions which are absorbed. This selectivity in calcicole plants may involve, in part, a relatively low net uptake of calcium into the tissue when these plants are grown in calcareous soils. In calcifuge plants this selectivity may not be so efficient and such plants growing under high calcium regimes absorb considerable amounts of calcium into the tissue at the expense of other cations.
In a comparative study of the growth of four species, Sinapis alba, Dianthus barbatus, Hordeum distichum and Tussilago farfara, in solutions of different concentrations of calcium, Olsen (1942) found that, except for T.farfara, increased calcium levels resulted in diminished amounts of potassium and magnesium in the leaves. In contrast, in the calcicole T. farfara, increased calcium in the nutrient solution led to increased absorption of potassium. It is possible that similar differences in the ability of roots to absorb may be involved in iron uptake, and may explain in part the phenomenon of iron chlorosis which is often observed when calcifuge plants are grown in calcareous soils (Olsen 1923 and others) , but here iron availability must also be an important factor. This differential selectivity may occur at the root surface or at certain sites within the plant. The very rapid death of seedlings of calcifuge plants in cultures containing high levels of calcium does not suggest simple deficiency as being sufficient to account for complete failure so soon after germination. If there is a large uptake of calcium into the tissue, unless it is transported to an inactive centre or precipitated as oxalate it may bring about inhibition of enzyme action. Dixon & Webb (1958) quote considerable evidence based on in vitro studies that calcium can stop the functioning-of enzyme systems because it competes with other cations such as manganese and magnesium for co-factor sites of particular enzymes.
Origanum vulgare when grown at low calcium levels dies from calcium deficiency. However, it seems unlikely that calcicole plants require more calcium for growth (per unit weight of protein) than calcifuge plants. Analyses of plants with similar growth habit, such as Juncus squarrosus and J. inflexus, indicate that the calcium level in the tissues is similar in both plants, although one is a calcifuge and the other somewhat calcicolous. If the mechanism of ion accumulation involves a low affinity for calcium in calcicole plants, then in soils where the calcium concentration is also low the net uptake of calcium may be small and result in deficiency of this element in the plants.
The preceding discussion relating to salt uptake is clearly hypothetical and several different interpretations could be advanced. The aspects considered are, however, very important in relation to plant distribution. Although strict calcifuges and calcicoles have narrow limits of tolerance of calcium content of the soils, many plants have a fairly wide range of distribution in respect of calcium levels. Differences in the response of these species to different calcium levels may not be readily apparent under experimental conditions, but concentration and availability of nutrients in soils are certainly factors which require consideration in plant distribution. Here considerable emphasis has been given to the effect of calcium concentration in relation to the concentration of the other nutrients on the establishment and growth of the species studied, but undoubtedly many other nutritional factors are also involved in determination of the calcicole-calcifuge habit.
SUMMARY
An experimental investigation of the establishment and growth of four native British species (Juncus squarrosus, Nardus stricta, Sieglingia decumbens and Origanum vulgare) has been carried out with reference to the calcicole-calcifuge habit. The plants have been grown successfully in cultures which probably paralleled the nutritional conditions of the soils of their natural habitats.
Particular attention has been given to the influence of calcium concentration relative to the concentration of the other nutrients on the growth and establishment of the plants. Well marked and distinctive responses of the four species to calcium concentration were shown. Juncus squarrosus and Nardus stricta grew only in cultures containing low levels of calcium, whereas Origanum vulgare was most vigorous at high levels of calcium. Sieglingia decumbens on the other hand was able to tolerate a wide range of calcium concentrations. Provided that the levels of all of the mineral nutrients were low in the culture solutions, it was possible to grow Nardus stricta successfully at high ratios of calcium to other cations, but when the levels of all the nutrients were high, even Origanum vulgare did not thrive at these high ratios.
The amounts of mineral nutrients in the shoot tissue of plants grown in culture solutions were compared with corresponding values obtained from plants of natural habitats. When poor growth was made under nutritional conditions of the cultures very different from those of the normal habitats of the plants, the levels of mineral nutrients in the leaves were substantially different from those of plants growing naturally.
The broad ecological implications of the results of these studies on the distribution and growth of the four species are discussed.
